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Practical issues 

 
MR imaging has a vital role to play in assessing the neonate with encephalopathy. 

Unfortunately MR imaging of the sick neonate is not easy and experience is limited to 

relatively few centres, both in the practicalities of performing a successful 

examination and in the interpretation of the results.  

Sedation 

Successful imaging of the neonatal brain requires careful preparation of the infant and 

close cooperation between radiologist, radiographer and neonatologist.  Neonates may 

be successfully imaged during natural sleep, following a feed or under light sedation. 

We use chloral hydrate at a dose of between 25-50 mg/kg orally, via nasogastric tube 

or rectally. We keep the infant nil by mouth for at least an hour prior to administration 

as this will aid absorption of the chloral hydrate which we administer approximately 

15 minutes prior to the start of the examination. Neonates will then usually sleep 

through a 30-45 minute examination. Severely encephalopathic neonates may not 

require sedation or may already be sedated by anticonvulsant medication.  All 

neonates, sedated or not, should be monitored during scanning with MR compatible 

pulse oximetry and ECG. A paediatrically qualified member of staff should be in 

attendance throughout the scan. 



 

Safety 

Excessive noise, particularly with fast sequences such as diffusion weighted or 

perfusion weighted imaging, may wake a sleeping infant or harm the developing 

auditory system and ear protection should be used. We use mouldable dental putty as 

individualised earplugs and neonatal earmuffs (Natus minimuffs). Infants may move 

even when asleep: moulded air bags or foam placed snugly around the infant’s head 

will keep this to a minimum. Swaddling the infants will keep them warm and also 

reduce movements. Full metal checks need to be carried out with particular attention, 

in this population, to the presence of intravenous scalp lines, long lines, EEG 

electrodes, intraventricular shunts and metal fasteners on baby clothes.  All non 

radiological staff involved in neonatal imaging need to be trained in MR safety  

 

Hardware and software adaptations 

For optimal image quality the signal to noise ratio needs to be maximised by using a 

closely fitting coil. In the absence of a dedicated neonatal head coil an adult knee coil 

may be used. This will normally accommodate an infant up to about six weeks post 

term.  Phased array coils may provide improved benefit in terms of signal to noise 

even if designed for the adult brain. MR compatible ventilator equipment may be 

required for the sickest infants but in the absence of this a neonate can be safely hand 

bagged during a short MR examination. A larger adult type coil may be necessary to 

accommodate the endotracheal tube in infants requiring ventilation.  

 
 
Clinical indications for scanning 
 
We would recommend MR imaging on the following clinical situations.  

In any neonate with: dysmorphic features, abnormal neurological signs e.g altered 

tone or consiousness, an abnormal cranial ultrasound, a history of seizures, severe 

jaundice or symptomatic hyoglycaemia. MR imaging should always be used as an 

adjunct to cranial ultrasound. It will usually provide more detailed information about 

lesion site and severity, it may identify further unsuspected abnormalities particularly 

in areas which are more difficult to assess with ultrasound such as the cortex or 

posterior fossa.  When MR imaging has identified a “new” lesions it is good practice 

to reperform a cranial ultrasound to see whether it is identifiable in retrospect.  



MR imaging can provide important prognostic information in acquired abnormalities 

such as parenchymal venous infarction, periventricular leucomalacia, perinatal 

infarction or stroke and in infants with hypoxic-ischaemic encephalopathy.  

 
 
Imaging Protocols  

The majority of neonatal studies have been performed at 1 or 1.5 Tesla but 3 Tesla 

scanners are now commercially available and may eventually replace many 1.5 Tesla 

systems particularly for brain imaging. Most MR sequences designed for imaging the 

adult brain need to be adapted to obtain high quality images of the immature brain 

with its higher water content.   As a minimum we would recommend imaging in at 

least two planes preferably transverse and sagittal and with at least two sequences T1 

and T2 weighted. The exact imaging parameters, depends on the specific system and 

magnet strength being used.  Our parameters for neonatal brain imaging at 1.5 Tesla 

are shown in table 1. 

We would routinely perform the following sequences:  

- T1 weighted sequence acquired in the transverse plane. This is ideal for 

assessing the basal ganglia and thalami and provides the best views of the 

posterior limb of the internal capsule.  

- T2 weighted sequence acquired in the transverse plane. This is better than T1 

weighted imaging for identifying early ischaemic change and provides 

excellent grey/white matter contrast in the very immature brain. 

- T1 weighted sequence acquired in the sagittal plane.  A volume acquisition is 

ideal as it provides thin slices and can be reformatted into any plane. It can 

also be used for absolute quantification of brain structures.  

- Diffusion weighted imaging which is ideal for early (< 1 week) identification 

of ischaemic tissue. 

 

In addition we may add the following:  

- A venogram to exclude the presence of sinus thrombosis and differentiate this 

from subdural haemorrhage.  

- Intravenous contrast, gadolinium dimeglumine gadopentetate at a dose of 

0.2mls/kg, in suspected infection.  



- Angiography to look at both cerebral and neck vessels, which may be 

abnormal in focal stroke.  

- We would not routinely perform a FLAIR examination until at least nine 

months of age.  

TABLE 1 

Sequence TE 
(ms) 

TR 
(ms
) 

TI 
(ms
) 

Slice 
thickne
ss (mm)

ns
a 

Matrix FOV 
(mm) 

Other 

T1 weighted conventional spin 
echo 

15 500 – 4 2 192×2
56 

220–
240 

 

T2 weighted fast spin echo 208 400
0 

– 4 2 192×2
56 

220–
240 

 

T1 weighted volume 
acquisition 

4.5 30 – 1.6 1 192×2
56 

220–
240 

 

Inversion recovery 30 350
0 

100
0 

4–5 2 192×2
56 

220–
240 

 

Diffusion weighted imaging 6000  90 4 1 112×1
12 

240 b value, 
750 

 

Timing of neonatal scans.  

The timing of a scan may be dictated by availability on the scanner. Ideally however 

the scan should be timed to ensure the best chance of obtaining information on 

prognosis. In term born infants presenting with seizures, this would be during the 

second or third week after delivery. This is a time when lesion conspicuity is at a 

maximum and information can be obtained with regard to the timing aetiology of the 

injury and the severity of outcome. In some cases it may be relevant to obtain 

information during the first few days after delivery. Ischaemic lesions at this stage 

will be less conspicuous but even conventional imaging is unlikely to be completely 

normal. To identify early ischaemic injury we would recommend that diffusion 

weighted imaging is always added to the examination especially in scans performed 

during the first 10 days from delivery. In infants with suspected malformations the 

scanning could be performed at any time unless the infant is requiring assisted 

ventilation and there are concerns about whether continues life support is appropriate. 

If there is a concern about increasing ventricular size then clearly the examination 

should be performed promptly so that arrangement can be made to alleviate any raised 

intraventricular pressure.   



In the preterm infant early scanning may be required to obtain an accurate diagnosis 

but in lesions that have been identified on serial cranial ultrasound it may be 

appropriate to wait until term equivalent age. At this time information obtained form 

the appearances of the posterior limb of the internal capsule and from the thalami may 

be used to predict the severity of motor outcome.  

Sometimes an infant may die before he/she can be imaged. MR imaging can provide 

important diagnostic information for several days post mortem and is to be 

recommended particularly if consent for a conventional autopsy has been refused or it 

cannot be undertaken.  

 

References:  

MRI of the Neonatal Brain. Rutherford MA (ed) WB Saunders 2002 

Recent advances in imaging the fetus and newborn. Semin Fetal Neonatal Med. 

Cowan FM and Rutherford MA (eds) 2005  

 
 
 


	Table of Contents
	2006 Annual Meeting Program Committee
	Continuing Education
	Declaration of Speaker Financial Interests or Relationships
	================
	Monday, 8 May 2006
	Hot Topics in Clinical Practice: Neuro Imaging and Body Imaging ~ 11:00 to 13:00 ~ Room 6E
	Molecular Imaging with Cell Tracking in the CNS
	Automated Change Detection in Serial Imaging Studies of the Brain
	Cutting-Edge Imaging of the Spine
	Hot Body MRI: Beyond Anatomy Towards Tissue Function
	Hot Topics in Europe: Whole Body MRI
	Hot New MRA Techniques

	Body MR Problem Solving ~ 11:00 to 13:00 ~ Room 6C
	The Hepatitis C Patient: Early Diagnosis of Cirrhosis and HCC
	Problem Solving with Breast MR

	SMRT and ISMRM Joint Forum: Imaging of the Mother, Fetus and Newborn  ~ 14:00 to 16:00 ~ Room 6D
	Technical Aspects of Scanning the Pregnant Mother: A Technologist's Overview and Perspective ~ No Syllabus Contribution Submitted
	Fetal MR - Including the CNS
	Imaging the Neonatal Brain: Specific Pathologies - Specific Imaging Protocols
	Imaging the Pediatric Patient: Specific Pathologies - Specific Imaging Protocols

	Grant Writing: Opportunities, Needs and Strategies ~ 14:00 to 16:00 ~ Room 6C
	Grants - A Strategic Perspective from a Funding Agency Point of View: Requirements and Expectations
	Grantsmanship: The Essentials ~ No Syllabus Contribution Submitted
	Grants - An Outcome Perspective: Looking Back from a Scientific Publication to Grant Funding - Lessons to be Learned

	MR Physics for Clinicians ~ 16:30 to 18:30 ~ Room 6C
	Spin Gymnastics I
	Spin Gymnastics II ~ No Syllabus Contribution Submitted
	MRI Hardware


	================
	Tuesday, 9 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	High Field Imaging: A Technical Perspective
	High Field Body Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Body & Peripheral MRA
	Non-Contrast MRA
	Coronary MRA

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	What Can Quantitative DCE T1-Weighted MR Imaging Tell Us?
	Grading, Therapy Monitoring, and Predicting Outcome of Glioma

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	MRI Main Field Magnets
	Shim Coil Design, Limitations and Implications

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Impediments to High Field MR - A Look at B0 and B1 Field Behavior
	How to Do RF at High Fields

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Biomechanics of Femoral Acetabular Impingement
	MR Imaging of Femoral Acetabular Impingement

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Latest Advances in Arterial Spin Labeling
	Measuring Oxygen Consumption Using MRI: What Can and Cannot be Done

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Techniques for MR Imaging Near Metallic Implants
	Prospects of Absolute B1 Calibration

	Body/Cardiovascular Imaging at 3T ~ 10:30 to 12:30 ~ Room 6C
	Introduction to Body Imaging at 3T: Theoretical Advantages and Practical Challenges
	Musculoskeletal Imaging at 3T
	Abdominal and Pelvic Imaging at 3T
	Cardiovascular Imaging at 3T
	Body and Breast at 3T: Where is the Added Value Compared to 1.5T

	Neuro MR Problem Solving ~ 10:30 to 12:30 ~ Room 6D
	How To Use Parallel Imaging Techniques To Improve the Efficiency of Clinical CNS Imaging Protocols
	MR Angiography of the Carotids and Circle-of-Willis: Technical and Clinical Dilemmas

	MR Neurography for MSK Radiologists ~ 13:30 to 15:30 ~ Room 6C
	MR Neurography - Imaging Peripheral Nerves
	The Role of MRI in the Diagnosis and Treatment of Peripheral Nerve

	MR Physics for Clinicians ~ 16:00 to 18:00 ~ Room 6C
	Spin Echo 
	Gradient Echo 
	Fast Spin Echo 


	================
	Wednesday, 10 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Coils, Receivers and Parallel Imaging: A Technical Perspective
	Parallel Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRA at 3.0T
	Cardiac MRI at 3.0T
	Cardiovascular Parallel Imaging at 3.0T

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion Tensor Imaging of Traumatic Brain Injury
	Clinical Output of DTI Measurements in Multiple Sclerosis

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Array Systems
	Receivers System

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	High Resolution Imaging: Why Is It Important for T1 Weighted Imaging, MRA and SWI?
	Parallel Excitation: Making SENSE of High-Field Body MRI

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Evaluation of Cartilage Maturation
	MR Imaging of Cartilage in the Pediatric Patient

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Quantification Issues in Bolus-Tracking Perfusion MRI
	Steady-State and First-Pass Contrast Agent Methods to Evaluate CBV, Vascular Morphology and Permeability

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Cytoarchitectonic MRI: Can MRI Be Used to Quantify Neural Tissue?
	Tissue Structure through Diffusion and Transverse Relaxation Measurements
	Unresolved Issues in Diffusion and Perfusion MRI: A Consensus from the Study Group

	Cardiovascular Imaging ~ 11:00 - 13:00 ~ Room 6E
	Coronary Whole Heart MRA
	MRA at 3T
	Advances in Delayed Gadolinium MRI of Heart and Vessels ~ No Syllabus Contribution Submitted
	Peripheral MRA: Competing in the MDCT Era

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Imaging Options and Their Effects on SNR
	Ultrafast Imaging
	Field Strength Dependence in MRI-Advantages and Artifacts at 3T


	================
	Thursday, 11 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	DWI in Body Imaging
	PWI in Body Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRI of Global and Regional Myocardial Function
	MRI of Myocardial Perfusion
	MRI of Myocardial Viability

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Functional Connectivity
	Combining fMRI and DTI Applications

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Transmit Arrays Design
	RF Pulse Design for Transmit SENSE

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Advances in Spectral Editing: MRS of Neurotransmitters
	Broadband Decoupling at High Field: Challenges and Solutions

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Functional Cartilage MRI
	Overuse Injuries in Elite Athletes

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Recent Advances to Resolve Multiple Fibers Using Diffusion MRI
	Recent Advances in Fiber Tracking

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Exclusively MRI-Based Molecular Imaging: Can Magnetic Labeling of Physiologically Important Compounds via DNP or Parahydrogen-Induced Hyperpolarization Provide a Potential Supplement or Replacement of PET
	Direct Detection of Neuromodulation
	Development of Static Tracers for Myocardial Perfusion Imaging by MRI

	Stroke Imaging ~ 10:30 to 12:30 ~ Room 6C
	Neuroprotection: Biological Background and MR Implications
	The Current Status of Ongoing Clinical Trials: Beyond 3 Hours
	The Perspective of Pathophysiology - Guided Stroke Therapy
	MR Wish List for Stroke Neurologists: What Are We Missing? ~ No Syllabus Contribution Submitted

	Cardiac Problem Solving: Imaging the Coronary Arteries in 2006 - CT vs. MRCA ~ 16:30 - 18:30 ~ Room 6D
	Can CT Be Reliably Used for Plaque Characterization and Vessel Wall Imaging?
	Advanced MR Coronary Imaging at 3T: Promise or Perils?
	CT vs. MRCA: A Radiologist's Perspective
	Head-to-Head Comparison of CT and MRCA
	Assessing the Myocardium: Ischemia, Prognosis and Viability ~ No Syllabus Contribution Submitted

	Vascular Problem Solving and Case Presentation ~ 13:30 - 15:30 ~ Room 6C
	Vessels of the Neck
	Evaluation of Renal Vascular Disease
	MRA of the Run-Off's: Hands and Feet

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Diffusion MRI
	MR Angiography
	Cardiac MRI


	================
	Friday, 12 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Body MR Spectroscopy
	Fat-Water Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Arrthymogenic Conditions
	Other Cardiomyopathies

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion MRI in the Fetus and Newborn
	Measuring Brain Perfusion in the Pediatric Brain

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	ESR
	Hyperpolarized C13

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Getting BOLDer with High Field fMRI
	Static Magnetic Fields: Bioeffects, Regulation and Management

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Techniques for Stem Cell Trafficking
	Stem Cell Research Opportunities in the Musculoskeletal System

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Voxel-Based Analyses
	Techniques for Measuring Brain Deformation

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Need for a Non-Commercial Open-Source MR Simulator
	Does The Principle Of Reciprocity Hold At High Field MR?

	Therapy Assessment ~ 10:30 to 12:30 ~ Room 6E
	The Needs and Opportunities of Imaging as Bio- or Surrogate Markers - A Strategic Perspective
	Goals for Assessment of Response - A Clinical and Cooperative Trial Structure ~ No Syllabus Contribution Submitted
	Integrating MR Response Information within Trials: A Quality Assurance Perspective
	Using MR to assess Therapeutic Response - An Investigator's Perspective





